Iron deficiency anemia (IDA) represents the most common cause of anemia worldwide. Because of potential irreversible neurodevelopmental impairment, its prevention during infancy is essential. We aimed to investigate the frequency of iron insufficiency among infants in a population which routine iron supplementation is implemented; and to examine related risks. A total of 501 infants, aged 9-15 months, were screened with complete blood count and serum ferritin. Infants were divided into two groups. ) and incompliance to iron supplementation (OR=2.51; 95%CI 1.75 and 3.60) were distinctive characteristics of Group 1 while prevalence of iron insufficiency was higher in infants consuming less formula (OR=3.10; 95%CI 2.00 and 4.80). The most frequent reasons for incompliance were consideration of supplementation as unnecessary (n=69, 31.1%) and neglection (n= 59, 26.6%). Our study demonstrated a high frequency of iron insufficiency among infants in a setting utilizing national iron supplementation and "incompliance" to iron as the most evident risk factor for iron insufficiency. Effective counseling of families by health care providers concerning importance of compliance to iron prophylaxis is essential for prevention of iron insufficiency. We also suggest screening of infants for ID as well as IDA in settings with high frequency of iron insufficiency.
Anemia is defined as hemoglobin (Hb) -2SD below the mean Hb concentration adjusted for age and gender. 1,2 Iron deficiency anemia (IDA) represents the most common cause of anemia worldwide. 3, 4 Irreversible neurodevelopmental impairment, particularly apparent in the first few years of life, is the most relevant clinical outcome of IDA which may also be observed in iron deficiency (ID). [5] [6] [7] [8] [9] There has been an obvious decline in the prevalence of IDA in infants in industrialized nations throughout the last decades related with increased encouragement of breastfeeding, iron fortified infant formulas and complementary food, routine screening of anemia and prophylactic iron implementation. 4 The current prevalence of ID is 8% and IDA is 1-2% in toddlers in the United States of America (U.S.A). 10, 11 IDA is a challenging health problem especially for developing countries, basically related with inadequate iron-rich food consumption, lower education and limited opportunity to reach health services. 12 Current prevalence of anemia in children aged 5-59 months in Turkey was reported as 30% (95% CI 9 and 64) by WHO while regional previous data show rates of 15-60%. 2, [13] [14] [15] [16] D e s p i t e i n i t i a t i o n o f n a t i o n a l i r o n supplementation project to infants in 2004, we believe that iron insufficiency still serves as an unsolved health issue in Turkey as we observe high rates in our daily practice. As a result, we hypothesized that iron supplementation in infancy is essential but not sufficient for prevention of iron insufficiency without "compliance".
Primary aim of this study was to investigate the frequency of iron insufficiency and associated risk factors among infants in a population which routine iron supplementation is implemented. Our secondary aim was to examine reasons for incompliance.
Material and Methods
This prospective cross-sectional study was conducted in the pediatric outpatient clinic of Ankara University Children's Hospital between April-December, 2015. The study protocol was approved by the Institutional Ethics Committee of Ankara University School of Medicine (Approval number: 02-70-15; Feb 2015). Written informed consent was obtained from the parents.
Selection criteria
Infants with a history of infection in the past two weeks, leukocytosis or high serum C-reactive protein (CRP), previous diagnosis of IDA and/or chronic disease (kidney, gastrointestinal or lung disease, congenital or acquired heart disease, neuromuscular disease, immune deficiency), prematurity (<37 weeks), low birth weight (<2,500 g) and missing informed consent were excluded.
Patient characteristics
In accordance with the approximate age of national screening for anemia held in Turkey, we included infants between 9-15 months. A total of 662 healthy infants in this age interval were admitted to our outpatient clinic during the study period. Among these, 74 parents (11.2%) refused to participate, 18 (2.7%) infants with high CRP, 29 (4.4%) with inadequate blood samples, 36 (5.3%) carrying other exclusion criteria and 4 (0.6%) diagnosed as beta-thalassemia minor later were excluded. Consequently, 501 (75.7%) infants (242 girls 48.3%) with a median age of 11 (9-15) months were evaluated.
Description of iron supplementation program implemented in Turkey
Since 2004, 10 mg/day iron supplementation is recommended for infants aged 4-12 months within the scope of a national project called "Iron-like Turkey" and screening for anemia at 9-12 months is performed by measurement of Hb. Although families are mainly consulted by family physicians or nurses in primary health care centers (PHCC), pediatricians also prescribe iron drops to prevent missed opportunities in cases who fail to visit PHCC. Families are reminded by doctors and/or nurses concerning the continuation and correct use of iron in each follow-up visit.
Our institution advises families to continue iron supplementation until age 2 in accordance with WHO recommendations for iron supplementation for infants living in developing nations. 17 Although most side effects are easily tolerated by infants, we suggest utilizing a 
Data collection
Pa re n t q u e s t i o n n a i re : M a t er n a l r i s k s , d e m o g r a p h i c a n d s o c i o e c o n o m i c a l characteristics, dietary habits, iron prophylaxis status and reasons for incompliance to iron were questioned.
Definitions
Growth parameters: Length for age (LFA), weight for age (WFA), weight for length (WFL) and body mass index (BMI) standard deviation (SD) scores (Z-scores) were calculated 18 . Z scores -2SD -2SD were accepted as normal, < -2SD -≥ -3SD as stunted/ underweight/ wasted; < -3SD as severely stunted, severely underweighted or severely wasted, > 2SD as overweight and > 3SD as obese.
Adequate red meat consumption: ≥3 portions/ week, ≥30 g/portion, as adapted from Olaya's study 19 .
Compliance to iron: Although not defined elsewhere, we defined "compliance" to iron as ≥5 times/week for ≥4 months.
Laboratory tests
Blood samples for CBC (complete blood count) (2-3 ml) and serum ferritin (2 ml) were obtained from each patient. In order to rule out acute subclinical infection, additional blood (2 ml) was drawn for CRP measurement, as ferritin might also elevate as an acute phase reactant. CBC analysis was established using (Coulter Counter LH780) while CRP was measured with (UniCel DxC800 Synchron) device (Beckman Coulter, U.S.A). Serum ferritin was measured using the reactant Access Ferritin-33020 (Beckman Coulter, U.S.A).
Data interpretation
Anemia was defined as Hb <11 g/dl as recommended by WHO guidelines for 6-24 months 2 . Mean corpuscular volume (MCV) < 70 fl was considered as microcytosis. Cut-off level of ferritin was accepted as 15 ng/ml as outlined by WHO guidelines for developing countries. 1 Iron deficiency was defined as low ferritin, normal Hb and MCV >70 fl. A child with low hemoglobin, low ferritin and MCV <70 fl was diagnosed as IDA. Group 1a (ID) and Group 1b (IDA) were both called "iron insufficient" (Group 1). Infants with normal Hb level, normal ferritin and MCV >70 fl were considered IS (Group 2). Groups were compared regarding associated risks.
Statistical analysis
Multiple logistic regression analysis was used to define risk factors of outcome variables (iron insufficiency, ID and IDA). Prior to logistic regression analysis, a univariate estimate was performed by means of the 
Results
Median time of iron supplementation of the whole study group was 5.06 (0-11) months. Side effects of iron were constipation (n=45, 9%), vomiting (n=43, 8.6%), diarrhea (n=13, 2.6%), loss of appetite (n=5, 1%), rash (n=1, 0.2%) and discoloration of the teeth (n=1, 0.2%). Compliance to iron was reported as 55.7% (n=279). The most frequent reasons for incompliance were consideration of supplementation as unnecessary or neglection whereas side effects constituted only a small portion ( Table I ). The median time period of iron supplementation was observed to be longer in infants who were accepted as compliant [6.26 (4-11) months].
The hematological parameters of groups are documented in Table II Rate of multiparity and IDA during pregnancy was higher and iron supplementation in pregnancy was lower in Group 1 without statistical significance (Table III) .
Age distribution of infants and growth parameters were similar in both groups. Predominance of male gender was significant in Group 1 (p=0.018) ( Table III) .
Duration of exclusive breastfeeding was longer (p<0.001), ratio of infants still receiving breastmilk was higher (p<0.001) and number of infants receiving more than half of daily feedings with formula was less (p<0.001) in Group 1. Although not significant, more infants consumed >500 ml/day cow's milk in Group 1 (p=0.073). Consumption of red meat, timing (Table IV) .
Duration of iron supplementation was shorter (p=0.003) and compliance to iron was lower (p<0.001) while less infants received iron recommendation (p=0.008) and used iron in a proper frequency (p<0.001) in Group 1 (Table IV) .
Maternal, paternal education and monthly income were similar between two groups (Table IV) .
Comparison of three groups (Group 1a, 1b and 2): p <0.0167 (0.05/3) was considered as significant following Bonferroni correction. Similar results with two group comparisons were obtained (Table V) . Both Group 1a and 1b received iron less frequently than required (p<0.001), were less compliant to iron (p<0.001) and received less formula (p<0.001) in comparison with Group 2 while Group 1b accounted for other differences. In addition to two group comparisons, infants with IDA were more likely to be born from multiparous pregnancies (p=0.009) and less educated mothers (p=0.008).
Multiple logistic regression analysis model (we included one variable in case of related variables) revealed higher prevalence of iron insufficiency in male infants, in infants receiving >500 ml/day cow's milk and in infants who were incompliant to iron. Infants who received more formula instead of cow's milk showed less prevalence of iron insufficiency (Table VI) .
Discussion
Iron deficiency anemia carries major health consequences along with social and economic issues. Main reasons for IDA among infants are increased iron requirements because of rapid growth and inadequate intake of iron from dietary supply. 20 Previous studies from Turkey investigating iron insufficiency in children mostly included school-aged children, consisted of small size, offered regional data and variations existed in definitions of IDA and ID. [13] [14] [15] [16] Since 2004, In accordance with our study, Dömellof et al. 24 also reported male predominance in infantile IDA. Proposed mechanisms are sex differences in ferritin, iron metabolism, body composition and hormonal factors. 25 Similar with Abdullah et al. 26 , we observed longer duration of breastfeeding and less formula intake in iron insufficiency. Support for breastfeeding is an effective preventive measure against iron insufficiency because of its high bioavailability. Nevertheless, iron reserves run out after the first 4-6 months of life, raising the need for extra iron intake so forth. 25 Iron fortification of food and/or commercial formulas and iron supplementation are effective strategies for prevention of iron insufficiency in infants. As Turkey's policy against IDA is mainly iron supplementation, we strongly believe that it is essential for all infants to receive iron regardless of the feeding practices.
Infants should receive 30% of daily iron needs from the diet. Heme sources have higher bioavailability. A study from Colombia reported higher Hb in infants receiving adequate meat. 19 We demonstrated inadequate red meat consumption as it takes a while for infants to receive sufficient meat. This finding also emphasizes the necessity of iron supplementation.
An exact definition of "compliance" to iron supplementation is lacking in the literature. A study from Mexico calculated adequate compliance by using the number of days the supplement was consumed and the field staff visited to administer the syrup 27 . We could not use this method because we questioned parents retrospectively. Because we had to take infants younger than 1 year into consideration, we accepted minimum iron use as "4 months" when defining compliance and observed lower prevalence of iron insufficiency in compliant infants. Yalcin et al. 22 found also lower prevalence of anemia in infants who were initiated iron earlier and received recommended amount of total boxes. Another study demonstrated IDA in 2% and ID in 20% of infants receiving iron while rates were 30% and 26%, respectively, in infants who failed to receive prophlaxis. 14 Shibukawa et al. 12 found IDA prevalence as 41.5% in infants in Brazil following institution of iron prophylaxis and linked failure of their program to low adherence to iron.
We think that the main reason of iron incompliance was ineffective counseling of families by health care providers as many incompliant families considered supplementation as unnecessary or just neglected. We also believe that current use of iron must be questioned in each child visit. Another study also concluded that the more information parents received, the more they administered iron to their infants. 28 Comparison of three groups revealed multiparity and less maternal education as additional risk factors of IDA. Lopez-Florez et al. 27 have drawn attention to lower maternal education as a risk factor for incompliance to iron in infants. We believe that multiparity may also increase risk of IDA of infants as it's linked with maternal anemia. 29 Multivariate logistic regression analysis reported consumption of excessive cow's milk as an additional risk factor for iron insufficiency. Studies relate this finding due to its low iron content, possible occult gastrointestinal bleedings and inhibiton of dietary iron absorption 26, 30, 31 . Health care providers should encourage families against offering excessive amount of cow's milk to their children.
There are several limitations of this study.
Including infants from one NUTS-1 region is the first limitation. Secondly, we have not recorded whether the families lived in the urban or the rural areas of Ankara. Third, recording the amount of daily consumption of green vegetables and citrus fruits which increase absorption of dietary iron would be of value. Last, our definition of "compliance" to iron supplementation might not be adequate for older infants as they should have received iron longer.
Prevention of iron insufficiency is crucial to avoid irreversible neurodevelopmental disturbance. Effective counseling of families by health care providers concerning negative impacts of iron insufficiency and importance of compliance to iron prophylaxis is essential. In addition, avoidance of excessive amount of cow's milk ingestion must be suggested and each well child visit should cover evaluation of the current use of iron. We also suggest measurement of serum ferritin levels besides CBC to diagnose ID as well as IDA in settings with high frequency of iron insufficiency.
